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AERONAUTIC SYMMI(LS

1. FUNDATMENTAL. AND I!•UVED UNITS

Mý tb~v• ritp- br:"•

la I
Unit i nrt U -.

- ! ... .. . - f th~(o rn•e r ft. (i
Mei'C(,Id for tpj j ¾

FW(igfkt of I kilograrn - -- ig weight of I p"Itl lb.

i~rveptve ifli(etric) hortpoi-D,
{kihmlo ters pp-r hcur --- - miiles r i . . . -..

2. GENERAL SYMMOLS
A. WeVght =rnq i, Kinematic viscosity

Wtdurd ac'eleration of gravity-9.80 665  , Density (mass per unit volume)

misor 32.1740 ft./sec. Standard density of dry air, 0.12497 kg-n- -"

Wa" w 150 0. and 760 mi; or 0.002378 Ieb.-ftr' ,,
Mass -9 Specific weight of "standard" air, 1.2255 kglm' or

V ..... of inertia-• k. (Indicate axis of 0.07651 lb./cu.ft.

1a11s of gyration k by proper subscript.)
SCoodlflient of viscosity

3. AERODYNAMIC SYMBOLS

Arez, i., Angle of setting of wings (relative to thr-._:

it ,r-a of wing line)

u. Cap i, Angle of stabilizer setting (relative to thraL-it

S. Speon linb)

C.,ort Q, Resultant moment
NeArto, Resultant angular velocityVv ~ qeý,t ratio V

101"i Reynolds Number, where I is a linear dimeneion
." Trie tir spe-4 • (e.g., for a model airfoil 3 in. chord, lo')

; i)ynamie pr Illr0-•p7 m.p.h. normal pressure at 15' C., the ct-
responding number is 234,000; or for a mode,

TAft, aybsoltute coefficient Ct,--- of 10 cm chord, 40 m.p.s. the corresponding
W tqs number is 274,000)

s, lir-igf, abs,,lute coefficient Of,'- C,, Center-of-pressure coefficient (ratio of di.ax,
of c.p. from leading edge to chord length)

Profi,, drag, al-solute coeffileent C - a, Angle of attackc-tC, - -# Angle of downwash

boi. -iectd drag, t,%sohltn coefficient "a -. , Angle of attack, infinite as"pe.t ratio
D a., Angle of attack, induced

Par&ate drag, nt-bolute coefficient C,, -4D a4 , Angle of attack, absolute, (meaiurd from zt&tt
""k�l lift position)

" C n - 1 -wind ft.,-^, absoluto(efficient 1j--. Y, Fligbt-path angle

/. Rrnuitant form,
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SUMMARY III tile xpvc .jnd. t/" /ViiI-V/a(/ !por -/ qI(~i i~~i

7'v.'tx ,~, ,~ ~ t/I '~ 1~/ o-fl~it w~id tn n- re -(-it# / l/lI'// uof li.Ih ;, ohteiu,,ati f t v , It,,

M//il ;is till, .. e-fioot tan nv' of the Na~oss A 10/ o Ii' 'tt/V(/hpa

IVetteet//dtee far It~tt/h'I&/ altti-mb V/l/the1 d,'1ey of it INTRODUCTiION

hH110110'' of Vii/'jihllt 14'h111'/4m, whiers/ feV/i,.itiV/ . oij iti tl/ - ilolrtiVLf tl-111(ilr r11-Jl. 141
I/i, /Vt/i Vt'i;V~i 'V 0. i/lft /ifo' a II/// /n' o .00 kniowni to coinstituite a large poirtioni of tlt- totail ilii112?

polnit/it/il x f/Olrcs/'Viht. A1/I tv.-itm II'i'/'I' d 11(1'Onl flill- of 1an gai iz'lanle ani glirit (set re ii'm'iiee- 1, 2. .111%1
-,;Zl ,noiul'lese thomill' tilt,i 7- In, 10-f not tei//i aircri. Ill'aei(a lI J-i ..tiii ( ''"'i 'hha, i~iIief

madat n' f//'I'il u to80 ,4/'.cJar oai an flixi the express~ plulrpo p of iiiipl'o%'iligr til'l, 'oviaiia
;o 'lee' 20-folte t~i(Io" tir'l 'lc math' fit l;,' liieIpVVVl. up toi cilati'avtet*'rti(-i (Ie f Iaiiivh iliga gear1S. Iiilee'l i 'i i'--
jtms' mdc Jil hour,. Ad/thoaV/h ,nall. of th itt' It/ti s'~ '-~ ignrsl' have suc essfaully attacked the pi'ohhivii ai1n1 ili
V/i-ar te'st/I Ir'V/'V made/ hl v'onjolcitnVtt/ #'ith el fl.ixelaI Millie ('t~haive udesi-tita hu114iding ge-arS thalt cluill1ý
i:,id ait 0' pitch. anyi-. litlest of the, tcxetx ,rV'ru tow/u' ,, i't'itfill tt'(telnfig. Ltthiif iiii-
f'ostt~t'ti'incio wN/t the ftmestale 'IqI' iri' t'tnqi food4 a1 i'atli tioli. hiowevi'z. i, aivaiibihh i'oliieriliin tilt cuillillii-
v~tt-V'V/(lc'V V'fl/te a/nd (itt piti-l(/1V/ V/I f 'onm -. "to l tive drla-,s (if tionret iaiit ill- hniggar-lk- atijI t 4-l-

Is, ob/ill/oill V/n/tlI~v'ttoiti oif tihe gencril'/a cfeet of theI im iliiolivilet parlts. the anerod *vuinnimic iiitei'rfilve'm lbe-
arV i~t/Iit/ilm (in ImlV/n/itv-yewV'ar (Ia. - Ill tsee.O wen,* tvvveen tilt parts. or tile dIegree to Whic'h aittini; iti'.

ma/I/I ;ns the ai/If-n-e Vof propel/u', /Il;p/Itryfu///. r'ititlii'ii'it oif sulch gears Iiiav - suiccessfull .y carrIied
The, r'-'odlex of t/i'he ;!rcitiq/ti;in ilI i t'o tutu t/t loiltV'/t oitit

i/roq r'firVIVVId foor any11 /Vltod';tq yearfl tI/It/f (.si I.; Thie piresenQt ili-p'4igat ioh w~as Iiiadie to obitain diii at
// kil/ /Ix. ait If#, ton1o, le' ct' henra,'Vnd 0' pitc-h. i~o thatt ~niIhil h ohw i:'1 l'e i le'
dt wnhjht hrv //oxxhI/l I" ceeir themII'V di;/ l/ app/l/i/'hid'ntl'l c trly ardlhlttii(' inter'fer'ence iet wevin wheels and I -4lilt-.

6'~~~~~~~~~ ~ ~ ~ ~ Ioinh hytia'eoa4olfooh'I o hs cl drag of .t wh~evl WithI vaii i i s wiliee fatiri'll' tig lthi
//VlliV/Ilii ~lidllIt~tV/Ihi heithc'/'ivi th~(/ (1/ -1' oIfWel a~nd geatr, ila: tl-drag, of difttrtelit

;is fV/i/'inq/. /The /Ib'/i txt /(ttdiili'-V/V'(// dIrayi /'Veo;df-d 1-tat lekii~'t ii
ii'M ispoiti~.V'Jthr ititiilV/ ;itl'l/I brmqt /ltype'js oif laniniIlg geairs; the effect of wings andi~ a

i/''/V I'/hnqp/.~-/it't'lr'/i'I'V/tV/~V/ ViV/liV/'y feet of C'hanlges inl pitchI aliigle oilIii nil ing-gean' dirag:
ti/I/I /f V/ifi/i/ /lV/I/IVii''t'/fi'I l/liit .4 /V'V' mt if at rd the effect (if v'a-i jols ,iloeifitiyatioui, to ha uid iii-'

the' V//l/ V/i/I' toi thsxi /11'P'
1 "m lVoir//i'/Itircit/tle/ ,vre's oill their d ra~g. Fromi thes- daita ;ilanalliaNI-' 4,

il ///ifIl' i.~'V IiitI lltV lt't~l / Vt'I(/IV'Ii //ti/iirh I td ilig-gireal dlrag wais iiiaide 1111aldl ti idicait I io mft
year/I dray;V/ tht' jo/VI/It welt'I'- fiurt'biq mniy t'V'd/oV'I th. laiWeSt. ill-illg iiitliililihili With it nll'etl'ate14tillug Iall14itii-l
V//'i/V/ bu-/ toi ai l/iV/tiq y/It/r m/ore, thouati y o/iVther' 'V- .!vIll. obta ined . Th'Ie invest igat ion ilnvludhii tests ofi
flnensnitit fV/it'i/i Vof ti/I il xtrtil h, of qrt'IV/ 5/it/tIt(V. i types (of Wheels. 6~ types iif Wheel faliriligý- N ith :1

(If/lle tuhintfnq V/I'/t'i hori'hiq 1/ iolt~ll' ulpip/t//Vil'/i xsetrt ilioilijt(icatjioli. and1 22A differ'ent laniding, ge-atl' NithI :1
hare,'V ile/V (iral ti/Vt/ any1 eithVer typll/// (f ,anrteraV'h-w1 total of .5-5 llioditl('ltioilis to thewe geair.
!9V'V/'/. AstoV,. fhe/ubeclhulitinJV/ of lViit-dray/! oi-ret'frvti- Al thle lhin1hillgr ge.Ilrs testedi Wer'e at~titclieil ti aull
ttdilo' /anidhiV/ V/V't/' foir ('V/isecrti.;oi/l/ ti//l/ V/il hIVh. oi-n-c'isklpit, fselage and th tests wer'e inia.I. without
ti/I/y V;r//la/c'le '(ristili' ;i/it. tilVl/;efb/e ;/l'/r'vill i/i hh!Ih pl'ohaeller sdipistreami. tuust uof tile tests werle iutlae atl
itpeed. L(/i/-VI/''l orI re'I'lt'V hb/I' g~fromtcil /a it p/i/i- of Wi pitch iingle andm withouit wings or an engiti.'
cfilitne'/ItiV/tV/ !IV'/t'/ V//i /V/i-V/i'V ~lfV//plitlt'il ret't'It ;it it, Hat-tii'hed to thet fuselitg.. However. tilt- ettvv'tý oif
Nitdood atit V/ ncreamei iti /dyh xl.tteVI or' sVitrlV/ ItI power'' .lis of a radial auir-icoomledl engine wvithi lilil witliiii
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eowling. alnd of 1)it-Iii angle (,Ii it numbeiiir of tlitftreiit rt1feltPiie&' 5. 'Ilte ijetlitil oif ýIlpportillig thet tt*-t -tvt-
land(inlg gears were iiiettsmed. uips oil the baiintie is shown in Signiit. 1. TIe*.t,, WVIV

Tl~e laniling-gear progralin has beltek eXtend~eid to iii- Inside ill thisi tullnnel to tlt4terioin.e the drag diiut to lilido-

clude tests oil other types oif land iligger tile resulit" ill"! gears Iuseti ill cnj micttion % itli a fiistla-t'v. wii
of Wh ich will be p~reseted in subsetjitieiit reports~. a ild a ratdIialI ali 1-coet it e igi lit.

APPARATUS AND METHODS TEST MODELS

TUNNELA All Iiiodels testted wvre tie.igitril flr it- l aiirphii. (if

Thle 7- lby Il-foot wind tunnel, ill whicht a part of .00 :lu)j~iounls grtos. Weight Iiitciti-t. ftlil-seitit Iitiotiti

thle landing-grear drag investigation was mtadle. is full.tri V 1  ttiii to thlis wtigitw lt- Slt. iiigtt (1iiii

describted in referencre 4. Then standard force-test timid) Im. ttiivelijenith I iittoitiiotintedl in) 11iii. 11.1

nIotlel slipport w~as used. Test, welej niade ill thkis ustItrtu etn.
tittimiel to dietermtine the tli&,tgr of Whelst.e the Iiti'odiy- Wheds.- 'Ile five tiitlereiit wheel- anid trv iitm- ut
nunlivi i lite r-fere Iwe. bet wee ivI wiee'.s aind strui ts. t itie ill tit(e tests w tre: Ani .S lmiv-prv,-I itt %%iii tt at it

tdrag of tile~ S,511,-l0 Wheel With various wheel fairinigs. C ire: -i 27-inch streanilint %diitt andI fire: a 2.7 1),
tlt- drag11 of lualf of lantding gear 2at with various 11-4 ttiiw-teii wheel :1itti tire: :1 31 : .N. )i di-k
niotlifictitiotis. an~ltilt-t drag of tilte~50 10) %yletl antil whel witltit :;ill 5j% p iigi-rjtitj--.iaim 'I- t:111,1t; :WtIs% liv

half of ladn gerl nyw isk wheel with i 32 liv 1 igi-tt.;i tire.
Th'ie 21)-ftmot iirtpeiitr-rtst'artci winti titintiel. in whivih tg. 2) TIhe( 2 wheels with Cthe higijns. irtti..,~ Mn.N

the t(. vilaintier (if the( tests wiere uliate, is tiestiriheti inl tuken fromt service: tit( iotlivir itewtiiniill

'ltist Ric I.--taoidifig gear :m, witl wliir fairing A moiuntedl in i,.tt fim.,htg
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SUMMARY (it the N~ame xpcrdet, the, /oa.-dreaq q~t-a w(t((tii illt/ , it

T.mitrtr' otittitl inl f/ic 7- hy Ill-but teind fteiw n 'I vi teelye pci-rcttilt of thf iytlb, ohli/titual, fewl h /110, s
anl ti ' the, Jo-f oot ton,,,]t of f/ic Notionl drbr I/'%t/f f/i, rcttt'tgtttlil !/ar.
C onsmdtee, for Acrotunutico to deteriabic tiwv dray of a INTRODUCTION
ovoinelloc of aYi/t,,,tin ihecoix. wirlcc ffYi nd.~ Wilml h - Althollugh tile dr~ag (if tile landintig gear in bet'e

P#111/A !Iroxxe~t~et oriit A~lltemls' for ai matiran (ilfoil , known* to eoflit itilite a large port11ion of thil~t- itoItal dr)
~ ,~qI~. Al tt.'ts leri'matc (i fal- till ai-phaifle ill HIighlt (ce refervilves 1. 2. anid 3).

.Xi-tll1 itesodloei; thoxt- ;io fhc 7- by f10-foot tille 1trvritcJ In Velal e~aII l' eain.f

tIlle express. 1)111) v of imlprovin~g til-i'einvo lmiitiii
;/o the !O-fooift ttinnt'/ 11ci',' oltifr fit obii piwittlt upi to iat'ritc oflnnggr.Iircelt'a.d-

PAOi itodri per lims,. ,Althotiouh. inost of the, landin!,, l- siglel's ha~''sve e'ii attarko'd thet prob1 lemii and ill
yettir tetttx oWere tnadc, in euisjonetion Writ/i a1 filiteillU/ !ýo)llle ('kises hatve Iesiiglp*il 1(lailgr geriqs. tha~t can I
cuod lit 00 pitt'k, tinqi. someit of f/ic toixtx tripe Ilidi ;toe partly or. fully retr'actedill 1in flgt. L itt le in fo' Ira-
e'onjum-6otsfitii ith the fiti~, jim iuet p ax ;nqyo (tonu (I rtd tioll. howeVer VI is avaIiltlible (*oIIernl~igr tlVile cipl I -a

tifl'-lilJ/t c/up/i ti/ilt pidr/ anqhxw ftu-ii ho~ 6,i; tijve firags of JI)IJ'tlitiglanln 11ar tji tl14- r
Ito ohloi~totltn , indlica/ tio of the yc/tnirai i/feet oif thexi volinporwlet parIts. tliv avrlylal~ln nintrcec
rr;,/,'uc ;leIx "to laindboyf/qttr doawq. All to,'xtx Wete (w~eelI tlt, parts. ofl- the degrev to wichi aoi:ttellilfi-td

waitiai ;i fit the ahm nc, of /iroloc'iltr .dripxt tea iii. retilenie'tit of sitcli grelrs liiiav lov succet'sfuily . ,arrie'd
T/ie rui'alfx oif f/i, intwcxt~yaiq o,#mo w x tia'/ti f/the /otiaxf Oult.

ilrt,. ,t'rrt/,tl fo aIl,! /anidh,.q yel troobd Ilwm The pesenit im--st iglatioll was illiltil to otailtjl dtitil
paottoill, tit RN)A tadit pei or /itnt, / itij ( pitt/i. andt that ('ol"('1lllgth fooig: ie rg fwl'k le
it wiiqht hit ptixxilii, toi ret/at, thim drtqay i oliroxitowt i/i, lierodvilyita inie jterifere'tiie' be-t wtell wiheels and~ st ilt1-.

f; pwtuinil hy! totalJly, tpwimi'xiny flic #t'hupx of th;x ,,, i, the( deag of 11 wiheel with viariouls wVllee1 fiiriiigý-, thlt

;I, fairinqyx. Thei /iiIit 4f biatliny-ytai' drily f'ecp-etl't/ p-' of 1111('is adg rinawth ag( I, ,l vi ter

tra 98 poottnix. 0/hrr jiob~x of initrrixi lreii'tlf//i ota t -yIpS of handl~ing gearlS; thep ellect of %Vilg~r- ;111 :1
it'it " itiq-p oxi f ef ee/ie utu ti tiI;,tui, It-Ilil atir'-cooledl enlgine ('II laikiditig-getiar( eltag tliv el -

ty/ni9 of lt1tit /a' I'iqxtlot~~~~ fe'ct of ('1110lig.te ill 1iithII angle~l oill ln1d ilIg-gear I lag:
(Ip,,x o/ft fi/lit' y f y /,i earic rryocI:u ;. Joe".", tinol and tilt effect oif villllots ýIllotlifivlltiolls to 1ItII~qi7.1hc~1' obwy theie, to rag. F'rti ttrx obest'-xr elat"I amaost1 i*-.,. Ifiiun~l'/, get/,tu/ilitItutliii~t~'tii i litttu - )Ifligg a flip i'l. 111- tsr tle,I .4 111tal i ltil l 1%,t hn fti

qiat'- d/rayq the, louupe,* ou'/ie, fuar'rnq noiii i-rli('rrth f I:)loweSt, dI-1rg olti ftill lhh( jiithI a lletlatig1 ~lill~
tlrtt elm, to tf ltid;tuq qtr more f/them atly, of/i,, rc- c'l obtaitied. Tlhei inivestigation11 inn idedl tests of
lft~elln,',,f ftdrinqt tif all uS rolt .. ill of qt ait ili,/itifal,(t': 5 t i' pes of wheels. 0 t~pos of wheel fakirillgs w %itll :
eulet/ bttodntiit, yorx huttirits it x~o~ etuppi/itil' i/Htrui Iiloeiticationis. and '22 different hlalleilig- gent's With At
hare, /exxi dra1 f/them aiy of/icr ty//itx of ltioniieri('filte.1 total of 55 iliodihicatiotis to these gears.
9,ort Ailt,. the~ xux;#,Io el lordr~ or, rc All the landinig gears tested were llttitellee to fuil
tal/ll ltinding qeiirm for t'on rtot /i tio l fi/ptx on hiqh - oplen-vockpit fitseluge antd the tests were madtee withou lit

drvtq a(rlt'p/'/at remultr ;i a iiverq/,~qd/i iliretrtai i, /;iqh piropewller slipstreaml. Merit of thle tests Wvere' made :11' t
Xprt'd. Ltw-t/,ay or rtfiratttablio geau'x mo,otl io /iltlco of o" pitch lingle andt without. wings or all eligiltit
eatrintiantil qera,' tin ltoor-dtlraq turldtlnx rtmiilt it# it ittfitchell to till- fiuselaige. Howeveir, till- effec'ts of
iui/elv,,itifil intteitlxi i, hiqlh xpeeld to' iitiht bs poill'f I.-ings, (of it rueliltil Itir-coo4)edl enigine with and Withouit
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iiiade to a tolerance of i' 1 `32 jinch. .Al tiires had 21), 2c'. M i. aund 111). its tested. would haveý to utse anl
smooth treads. 4ieo shoc1k absor-ber ill tile, filsehlate with it sulitable

Wheel fairings, -'1'h Ie wheel fa iri gs were des ignamted lin kage to I I ive thei'le( re Ire Nvi eel travel ort have onle
by letters A to F, inclilsive, wvith liiiiiieriiis aldleli invor'porated ill the( wileel. (e'ar. 1t would have thle
" Ilell I il('essal rv toI) inicila('lte tIll (livai (I ot is to thle basic oleojell(.( abiik ilsorbi er' ill tlie( w i ielI ot' inside le t(.l v I eel
form. (See figs. 4 to 9t.) Faiiing-s A, 11, and C dii'- fairintig. Gehars 31) 3. 1:1. and~ 14a wllill requii-vite
fel' 011k' iil'l'cross section, fait'inli 1) differs ill ('1055 splliil(ll oleo shiock Ilihsoi'het or its eiiiiiiilet. ( evai'
se'ctionian iult a01 en('t-hlt. ill thel si le equal to thle tire 12 ('(lull have a1 eobivetitiotilll'(leo strilt but t~it( whell''
diameter (8.54-10) wheel and time) .fairitor E conlsists %Vliiid swvingll" blltt a point diret'lyl'i' ll its r'eart.

oif a- short ta~il and1( a sitoill fitring that pairtly covetrs
the iniside oif the wheel; and fairim'in F c'lvers on iv a TST
Si118ll lpottioll (if thle inside (If tile wiived. All tile' li)ii' 011'iiI';tsiii'l)i'tiiei filleti (b11iting tilie tests were
fairings were made fromi sheet aluninuini. air speed and11 drag'ý. Ill' niaxtiniII a z' speied me-ed ill

Fuselage, wings, and engine.----n order' to coiifoi'in tile( 7- b)*y 10-foot tiliiitei was( SiO tniiles peri ua' thiat

tioll with the hitlliilg-gal'a tests wasi conlistr'uctedi tol liSll ili tite 20-foot timntel was 100( iiilllý pet' iljout.

thle avei'age fiise'Iige ditenesiotis (If atit ipetl-vcki('Ot Wheel tests.-Tlie driag (if tilie wbi'eki-;ii-t ire iiiiits
-~if)ln of 3t.10H) lillilills gross weighlt. (See figr. 17.) Was101(ho ii thied ant;ii' siI'l'115 iti~ltill (I iii's i't'4-1 wiiiiii'TIwob m'ectanguilat' wings of ('lark Y sectiont we'tl' u'itiiittl'(itt'il'ei~tiiituS.~ IIWi''

attached to the fumsehiagv for par't of the( tests. A 4i. 1 0111( tir'e wals taiken as till standardtl mitlt. icu''isl' it

(If a biplanle (-(-little' and It - by I's-foot witll- wasl IliseI' ll lll '~~e llll ~~ t (ii~ e o'

tot'i't'reprsent tile Will" (if ai lowv-witmg itillnpillhaii. A Po151ses

Wa';sp radiiial :i'-cooled euigitle, cowled buoi linllowlell. Aerodynamic interference between wheels and a
"ahs tIseli ii'ngsoillil (If till, teýsts tii (liit('itlinel( its strut.-'Hie iiltei'erieel'e (hagr crea'.tedi bv hlaving~ a

effect on1 thei iliiding-gear iid'ag. Tilel r'elativie ls'ci- whee'l and a1 i('ig-tl (If stt'iit ill c('ilsi iliixitility wa-:s dei-
tiom (of thle flisf-lage. tille l'gitle. thil' WIlgS. I11I11 tile tt'iiil(li fll'dfo all w'hiee's 1i5('i ill tih' lialifoiiiriglg'ai In~es-
hatilitig gear, is shonilll fin tgtres 17 anid 41). It igation. 'iwii diifrilttt sfri'it '-l'(t iflt.s weret lisell seji-

Landing gears.-7ie' landing gl'ais itnfilmau'l Illd )a 14 I'telY foi- this wortk: oneii was ot MIv . I seIt jolt,~ 21 1
I lb (see fis IS to 34) were attaiched liiel'tl~' to the* it~ .v 3'1  itnches. 1114(1 tiile Altllli was 4if lji'llii c '' il ill

fuiselagre. (team's 12 tii 14c (figrs. :35 til:o 3) were'i at- %viti a diiamti erll of' 21 i iuulimles. l';oIlh Strlut was hingi'i
tacheil to tile fulselagev and tiil' (- by N IS-foot wing",. ait till wiheell aXil' and tile lii'111i- i bewI'l' thii' wVhel(' iand

All i'andiittg gva's wer' di'sigriliei toCII l'(Ytl~ witil till' till' strutt wats vait Ill i slicci'ssjve steps1 fr'onot W l to 9t

AlIthouigh in fortnat ioni conver'i'tng thle relative we'ights shoilws tiil I' ui'taIIgl'tll('ilt oif at w~heel andil strult.

(((ill te laidi rig greilIs wmiild be (l'of v'llisideirallii iwil(''(st. Wheel-fairing tests. -T'he 5.511-Itt0 wheel' and tire w~as

dimei'nsioni chosllsm fori tilt, vert'ical trtave'l if tiit' whevel these wheel fai'iriii!,' ;a testedi aiillll arei sh vil~t ill lia.-

lileil tithing Wits1 liseil. thei tli1iliig Wits of '' stlilliflard ' The 8.50-10 wheel in yaw. -- 'i'ie drag of tih' 5.aii-lii

tiori. lii some11 institnies tandemlt~ strults were' faii'i'd ilimit' with flil' wiii'i Yalwe ll i siil'l'('51vi' steps fromi

tolgether. this hieing doie ill' a'euiruhitii'i with till' rev'- I.-) toi 1.05
(lileh l(iliht jul15 oif referencee C. Afe w (if tin'. land,1ing Tests on half of landing gear 2a with S.W 0-1 wheel.-
gear's iil'(i',(rioiti'd wire bravi'ing iii thiirit stt'iiet ures. b'vsts w~et'e iiiaie, onl a1 'liilllt(' hlouf (if lliiiuiitlgr g'rll'
'l'lii' type (of wire iisi'ii was. illitall eases. that v'(itnittll~l 2aw %itl 1114 ti'4.50 ho0 wheel arld. whie'el fairing~s A, hi.

really lentiicitlti iii lioss, sec'i'onl. oif all Ituodilb~tmIolls ar'e shoiwin ill figulres 1i ti i(C.
Th'le iihi'm action uif bill geat's" wals strtii'tl N ('otivenl- jillcisivi'. io-t of these te'sts, we'r'v madiill' i till 7-
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1hour1, but a fewv tests wVere chIec'ked inl the 20-foot t0l11- PRECISION

iiei at air speedis Iii) toI 109) miles pe'r hour. It is e'stimaiitedt tililt tile( (rag of lVI-t'('Is aloilt'. m-iii.4-i
Half of landing gear 2a in yaw.-O ne-iiaif o f landing11 f.hi 11" antdI lie-tillf tof gear 2:1 wivit its va lioii-

gear 2a. etquipped with the 8.50-10) whieel. was test4ed iii'tos ?a ll sieiwtla **sl f-1.

for tll'llg, at, Variouls angles of laIw ait aii* speeds up1 to plid aligga et lmeil4oiul-ilWt
M) I~lllt's p~er hour11. Th'le half gearl' H Yawe il the~' fisea~r (l~ipg.Ql ;te( stsiiia~tel to ume t jon with
s-1lt"5sivet stepls front I5, to - 15.' lill. l_ i'tssmd i o~~ltll "1.4, %tlie'

Tests at 0' pitch of landing gears mounted on fuselage l )ll)eh1g1d. wilg.an tengin l~at I'll'olljalgl('S ofl with i!

or fuselage and wing.-( sellrs la. to 11lb. ineciisk-e. with *'intit e l'''5'itiiti .1jolli
l'aritIns iii tiihcaititins were tes5tedt for dragr ill ('Oil- tresiadtobpece thl 01mlid

jlimettioll with the fuselage alone. Gears 14a,. 141h. ailli RESULTS AND DISCUSSION
14c' were tested inl (onjullwt ion with the fulsehige an ll(~jt~ ilIll e~r ee(kl
6i- by 18-foot wing. All these tests were iinade ait ;lit- Alda 'lI' ~'slle nti eotwr ki

ger ee fro(Ili fair] tii~ r-11e oif (ii'ag illottet4 I aga ili4t (iNvlla iiispeedis ill) to 1IM miles per* lill. 1} The fear %vetr(e esur.1 aesw er ' rc 't er l t
anIloilited( ill tile inlverted ti t Sit 1(1 (fig. 1)t aii~t ~slr.Ilcss hr ,ektsswr ile'1

testing and1( to remlove tile gears its far as I)ossiblle fi'on thle. 20-foot tunnel (40 thle resuilts obitained I il tlie( 7- 1I v
fthe intlillelie (of thle miodel-sai pport ing stri' t't irI.e 1O-f lot. 011101(.I. tinw ragalues ar -t ell for bth*I t SO 11111

wIi'iei*Wins w(.,.(, ,sedtll i gt ile tests, theyv we 1,, 1t'! 114111r a ll I 10 mt Iilies per b' tii . Inl alitl other a
set. at. 0t inlcidne The ra of the- fiuselae r tile. vl'llies are ' iveln filr o1u1t ((Ie air, leeht. For coml-

fulselage alidl willg. wats iueislill'etl withl andl wjt(iollt N*ellielllee(. all (the tirudagtita presen5tedllittil tabullar' fiuwi

the landing grears aittaviled 'I. 11 thi fltreiit'ý b' Itwe "Iare i (11le Ilt tj( he i gjlrles itii stt rat i ll t lieIOles 011

tile restllts wvas tile t'g(tIlle to tile tllll(tillg ge or ;tlldtl 11(e gi test inotdt'Is. Results (If I tit elferellt't tes.ts. l

t est. te'sts, andi lantlitg-gear te'sts Illadit in'll ojilfl('ti NNitll

Tests at 00 pitch on several landing gears equipped winllgs andit ellgine at. vall'1 1 litt'tl anlie-s. a1-1 re-
with various types of wheels.-Ttle dirag dftle tto laildting s`llt`(lt ill cl111ve forl~l for ease of(.4 m'illlpa 'i!-(Il.

gePars 11). 3a. S.an 111)( t. eacti etllitipled with v-aliolls 'Ilit l'tsiltts (of t('st.-ý mlade' inl tte 7- lo ,v 104-1)(ot I lily

typ~es Of wi ietad-111-tire 11111ts. was ii (a silrled at air '"'I were cot rrec't ed fo r lhtorizonlit ali prl's~Illr -rlul iei Ill I

slwed'(s lIJ) to 100 miles per hourI. IThese lanllill ,g gears tielsllInilanltr. Itwas 11tit Il(ve'arY to1l :111, a y :ill 'a

wereý Choisenl becauilse they had at wide tliversmtv (If sti-lit toll1ecti(Ils toI rst'silts olltlined ]ll the 241-foot t inclllt

'ATrallgllellt. pllrticlularty1 arollit the i,-iieei 111lu). It ilet'all1se t114' p~ressurIe, grttett. jvs llegilgittrit'l.Al

was h~opedi that tilie lesilits wltl](lI silow lIllore gelwl'l- ag~rt'eliient. of :t:0.1 Ipoulnd dragw at Sol lilliles pter 11'.11f.

all1V tituefdfect oilandialltli-gtar drg(f slli~stitiltillr Wits otatinifed lo'tw('en tile ret'sllt.s oft t'it'k tv~ts l~aimid

timierent wheels (If ei4111111 "weiglit-clarrvillg t'alpacitVy. ill (lie twti winli t1111114'is after tilte lliriftlz)ltail iprv'ýlltv-

Tests at various angles of pitch of landing gears gr;int(( retpllhd te iptdet.
mounted on fuselage with and without the 41/2- by 15-foot 'Wheel tests.-iatde I andllti-lll 2 sho0w tlie voinplIiIt_
wing and engine.- Latill(i ng grears ll and(1 Ial were tivt' dragms of all tilt' wtlveis tested aitolli'. It is (if ill

tt'Stt'ii forl dralg at varitills jitt'ti anigles fritll (V tot ttI'rst tol note tlit tilt 27-inch streamline wiheel and1.

o~ ill tile fllst'iag' Ilitille. till tie( fulselage with tin' t le has alpreiO''lll]ly it'ss il'ulg t 1111 all.% Itt il-Ir tyvJ

It.,- lIV IS-ofoptt wilig. till tile, filspillge %%'itil tile llln ti'stt't. anld tlilt tilt 25' b%- 11 -Itxl-wioi''lr

IM4 tiailes pert 11(1111.. Aerodynamic interference between a wheel and struft.
Tests at various angles of pitch of landing gears F~igurie 3 siiou' (ilet Variation otf i litt'l'ft''lit't drag tIt-

mounted on fuselage and 6- by 18-foot w'ing.-(C'ars 12. twt't('l thlt titlterl'tlt whii'tis andltI 1sinlegt strll~t '4ltrv;lll-

111) t IMIl~ 111111s till t'llgile wheevl-faireing t fects-ied thetl'as b tfiit(' pr.:io.-toitiY
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these resuilts it a ppe'ars that. a wheel fairinig sutch as A. attack other than 0accoitll'Is for very lit tle oif till-
which covers bo0th sides oIf the( wheel and has a mini- increase inl drag.
Itaia of cro'ss-se'ctionra I area. is thle biest, ba;sic- ty*Vpe. Measurement of drag due to various types of landing
It is also apparent froni tests of moifio( cations tif this gears with 8.50-10 wheels, 0' pitch.-Tabl1)le IV a~ind
foiring. (A, antI[ A.) that the portion of thel wheel figures 1s to 31. 34. and 37 to 39t cotntaiin the -isilIts of
or. tire that protrudtes front the boEttoml of the fairing- tests of varifis hind imi-ea r t~ypels. alt of whic h were
is resplonsible for tin ist of the( drawii. As mnutch as 72 iiia (It' ille (04] III ict iil wiithI thei fi ise! age. M-'fe re lce tol

percent of the (drag of thet 8.50t-10) wheel and~ tire Iliay tile ignir'cs will show the oitffh'rlv'lW" ill ý-trlut arra-:ingt-
l1t' saIved( b)1 totally enceasing. it ill a fairiniw such ias nients. It shl~ultl be4 pointed out that although..a..
inoditication A.. of wheel fairing A. It is also inter- struts were oif streamin e sect ion the fittimugs were'4
e'st ifig to note frIoml the tests of wheel fairing I). whichl leýft exposed. Whil(ll wvires werle uised the fitt ifigs W4crt'
has a cut-out in the side as large as the tire diameter, also left exIpose'd. it is interestimug to mu te that till
that no saving iii drag will he effected unless the side sllbstitltioli of strealliflne wires for streallitlille struts
of the cuft-out nearest the tail of tile fairingr is turlned in tlt. cases of gears l1) and( I(- (fig. 19ý) ;11 go1 P
ill so ats to presen01t o ope edge to the air' streaml 21) tand] 2e (figr. 21) hadi ItItle i lfect onl tbIn dniig.
(mod~xification Di)). In fact, thle dragr of thle wheel 'I'lie resulits olita iriedI with -ge1rs :31) alit I :tc (figs4. 24
was inlcreas:ed bw thle use oif the iiniodiihed fa iring and 25) indicai'lte that. little is si4 -ed whenl st Kilts Ml
I ). No tests were nmade oin ordinary n 4111 giiards b:'- tandtem,. close to the side of a wheel, art' faired
Calls(,' Irevitlls tests mi ad e ill (Treait Br~i'ta in shlo wed I f get her. Tb 0 rel at; vel.% h igll drag d111o to hialdi h

that tite-\ have hiigh dragr (reference 7). 01-a11 7 (fig. 29) shows that it is not. (rtood pract ice to,

The 8.50-10 wheel in yaw.-Figure 1t) shows hiow~ thle plac'e a length of struit close to till-' ýid Icof a fuse-lagei.
drag of tile 8.50)-10) wheel changres, with variations ill nit results, for land(iing gea;r 111) (fig. 34) inivtiati that
angles (If yaw~~. Thle di'.ag of this wheel is almost this typo has Smiall illterf('vi'ciic (ita.; Th I'i of
tloilt'tid whenl it is yawed l5-. Suich datia are. of l)I'iit tliv' whee'ls aililt' is apprii'xiilliat('l1 .ioi~llil(5 ait lool

G'ali iiito rest b eCaluse miIIny. ortl in a ry typles (of n1onre- miles per'! hour,1 which leaves bit 4 pomlils iitti'''eitit-nr

tract't langdinliig gears hav'e thle wheels ill yawA wheni anil strut drag.

Ilie oileo st i-tt is exterill. l'1 Aliso. thr stH'lre some44 tYpevs Effect of various wheels of equal load-carrying capacity
tif pairtially retracting gears that. have the( wheel on the drag due to landing gears.--Tl meut-ii4t.s
vawed. when:i in thle r'etrac(ted posit ion. andt as iiiumcli as wheel tests are gi -ell inl t ablle V andi tile' tiiIl u's ii iilý-

half of it exposed to the air stream. t ra tinlg goal' iiS . 3 a. S. andil I lit. (Wears Ill. 3a. ". o
Tests of one-half landing gear 2a with 8.50-10 wheel 111) (figrs. 19. 231. 30. anid 34) wile chtosenl for this part

and various wheel fairings.-Vhe results of the tests of tile invest igat itll Ibtcailse till.%. cm-eiyeiti : it irtoset'rta -

oif half (if landing goalr 2a are griv-n ill tail~l 1ll ti\ve r oie(f gplmi strlelt liii iil whicih tile, etflicts of till-

and onl thle figures 11 to lf6. incilisive. TIn'l puIrpotse' alilous typies of w-ilt'4ls couldi litue 'li4l'l4iv si11imln. It
i-f tiis part1 oif thle inivestigationl was toi dteit'(lliilitI is imlptortanrt toi flite t lint lt(jr'-iit'or'.ti-w-

whether the( re'lative' metrits of tile failings ats te'ste'd lrsil'tS~l't wheelI's andi tires Ilita ' bei 11se'i o41 il'iidillaiv
;alone wetr'e iitretteil lIv till' t'illiiilllltiol (If till' fair-iugs tyipes (if laritlinli, *'ar~ ihit t i iii-e l

%irt~il it i an ing-grear stf'llts. For' these' te'sts 111 filit fair- d Irag Alsoh fi'2-iuis lAviiilin' wheel- and tilt-.

ill( except A (mod ifitcationrs A, an114 A,). whulichl were whlichi iiait till' loweyist ii1-l'.r Mli'li tt'st'i alonet. ;i

hlt believ.ed to lie practicable. were( u~se't. Rieferencve hiigdiel' 11diiiiii-geal- ut-ag (att-t11:111 tille S.:, - Itt
tt) filt' taill' andtlfigures will shtow flint filirilig A wk iii witl'lp a1 1 tile. ('xi'i'Jpt ill till' u-aIst' tf .- Ill- lIll. 'I'liti 27-

fto Iie modtified't conlsider'ahilv l'iaround till' strutf ititer'see- 4.11I this latter ty pe oif' gear'. ''l'e ruslilts irlictimli till11

I Hill toi give' its low tdrag 11s fairnilg C wilell boithl W('lTV tile, 27-inch wilt't' 1and t ire4 wililit n ti dl-re''.1' ihindiillb

illter'tsti~lg toi rIltit ill fill-' case' of fair'ill"g E (fig. l15i) it :1114 adtjaven'ht Iii'iliiii'Is is 1VelT\ shll) 1. T'is size tif

rit r'etutiring the drlag. lttle11 this inve'stigaltiton ivas satiltil. tilt'l- lifitlrtl-

'Yaw tests of one-half landing gear 2a with 8.50-10 n-coml'leunderlle it for I' lse onl ioill' I *1 tVe il'sif a ir-
wheel.- Fi-nine it0 shiowis how flt'e drti tif one-half gear iplaneis. H wloiveer'. thie 24-inch andil til', 21 -ilili lmlli,

2.. Var1ies5 with "ll~gil of yawi. A compar~lilisonl of thieset' lt sedl ftor lairhlalles of 3.00(1 poliiliik gllrswligl if

olthit with tholse' ftr flit'- S.50-10 wheel aloneit. wllI siiow the4 illflltiitll Vre'4ssllrq' is m~i-rellseti sillflivien'rtl. If tests

oif hallf geair 2a is thit' to i t(n increa'lse in tihagr tif thle Iit Italdlltb~htel~liv wl~liltI hliavi shotwn i11) Ililoil favtiu'-

Wheel. 'hefmmt't thait tlit'- Strl'tS HITlr'it Illigl's oif ahIil.\ tiaili (tue 127-inliel ill 1111 cases. .%tie xteisionl qif
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the entire landing-grear research programli is coteint~i- } ear 14t %%-;i tvtvdec w%[ith tlte- Cv Iot 1-1fcct %%n iiin l
platedI in which tests will lie includied of the 24-inch enlginle. tite Iiicst ~igniifivatlt litftrlcec hit -1iciitw'lt the1-11
and the 21-infch streamiline wheel-anth-tire unit,- set-lips wa-. inl tiii he trviikc. It -O) IilpiLv~iiil4 t hat

Effect of wings, engine, and angle of pitch on the grears I4am. 141), and ]I( we~re' dieignetivi withi a t vial
drag due to landing gears.-Figure 41 show~s thle effects of 7 feet N I.* inchies Insteadi I f tite ý.t a iicclai t re:ic id,

of the 41/_'- byv 15-foot wint. th Ptine (vowled andc (1 feet 6 inlches. sed filr all otiher lantic Iin -Car,. li-
llncowled) . tile votihibitlttioi of bo0th. andti changes of clivergetire friont tii taiilldrdi a ean-ec AIAW-

pcitch angle upon the dlrag dute to landing gears Ill titial cliflicllltiv!s eiicolciiitoiicl ill tile( il~llv~I (of tie4 14-t

and 11la. 'File effeet of the engine alone ott both gears set -tipis. Intasiiuiclc as tile, %heels of geValr II l

wivas to generally increase the drag with increases in foot 21,", inchies farther apat j~ tliau li IIIS4. cif 1~~i :i

angle of pijtch. T1he wing alone hadl an opposite ef- and Ilai. it is thoughrlt tha~t Icirlilaps l ti-wall- tl(NIl it']
f eet. The effect of thle conthuiblatioli of wing and enI- titter regrion could~ have ieN-41 ifitllituciI byfll' I ii ligillit

giie. wvas to cancvel generally the inodividuaill effects. ilt su~ch a thlatchier as t(oIav lilghlt \(.lwciI :it t1Ii:i1

It. iiiade little difference whether or foot the enigine pioint thanil at till Ilocatcion ()I* tlle which,-4 hf~~ -Ii
was cowled. The engine-anid-winig cuomblinationis low- anud lIla. If thisý be truei. tilhut-gr-'14 ll tll v -ri~cl -f

ered the( drag (of the hliglc-tra- grear- (geanr In) iictuie- the chlosenl stail~iuild t readc :uic hieighit NVIcflhiI h(id flii--

,fllc*v over tihe result obltainedl with the( fiuselage alone. sarilvt Ili- inri-asei liY tilil, islc pvnccl (if ttewl 1

This ditreietit& was5 negwligible in tile case of the( lowi- tiiiiihhitil its Ill thil,~stgl Icl cc IcII, lI(ii

dIrag, gear ý(gear 11a). The curves (ti lliguire 41 iniii- stil fori-l i lcucs ill ii l-ag 4liiv ti iti, I:ing un-:1' c'I b-

late that. nto specific. conclusions iay h e drawnt froin wicei Ilie elitrilie wats clwviliI 'hlcihld licc fciiuicl Aiiic tic

these data since nio dlefintite trends w'ere evideiicel. lriel will ri civq- atIintill ii tic lli(- ~ c I ci.

lThe data are presentedl to show,~ the( factors thait. ululY gan for 1f1it11ul4 hlinlltur-gi:i i-c Ii

affect lanld ing-gPa i drag hut do not jiuchluc!e propeil iler- Effect of various modifications on the drag due to
slilistreanti effect. landing gears. 0 pitch. 'Iilic e fleet- 4c Iiiclfai l-- -:w

F'igutre -42 ilhumstiutts hotw the( drgilte toc latdinmg oif a1 ulliltlbel ii i tfciff lt-1:1. hi lii! Lia i- ii 11iii ill

ge~ar 12. which was muounltedl onI tilte fitselatge andtil te talble VI atil tigiii- 23 14v 2:1. 29. :111. zn 121 1,- : ,7.
6- lby 1-foot winig. varies with atgetf jcitelt. This Inl ordiet tic hlave aI hItter Ilil], 1.-1:1ilcIll_, .it IIi \:11ci-,1

t vlc of geal. has bceent coitiioituoil used ill recelit years Icciloiticattill- Itaiale. it I- Ill-cci--;il Ic i44t.it. Owc
Wnit ifrjclaites that ha~ve time lurtduir grear iwcgmtc t±i jsciiicicrli ;I, tff hiii ' (: 11 Hoti~ li (i fi lIyr '".1

inl t(be wi-ligtiss. Tihe tesulit, shiow thait tile drag1 cletiit aill t11 lie4 perti wiult fac-t a liii ;1 -111111 hilt 1vci4i-lilt-.
to tilis gear atill its, (oiimjconilit pcarts dl cicast- wvith little hieed Ice, aill here ill 44-ii-ccii till l ciii:
illcreamsi oif pcitchi ang~le. t ioiis. The :itcll it icti cif \\ licci ta; ritiiz-,, Iti h~uliit, I 1-

Teeffect oif chtuttiges ill pitch anlgle loli tile drag% ger :ta le-llt, ill aI, iiiit itili le a '1110 tic11:1
chitl to greal. 13. with its variitiis iitciiaiii.is Shown v~ar oif :liitlitl23i lif-i-ilit. Withich 1- :1 i\"

fin tigitte 4:3. This guar wits itoicuttecl i tilt-th fliislage 1il talit ial -aIl A tcit 1.1 1 i- i I (, ii

ý111ttl te I;- I,\ lS-fciot witilig. Th'le generltal effecpt tif ill- 311ai alnd 31% whuli(] tic. A1triitiitli:1tv jicifilcllI. Itf
crea sing, the1( pitchI angletri was tic (I ecr- Iea so t he cIr or fti,-i I I r IuNi. ill tlcitll- 1111e1r1 ilN\Ii 11 w Ich t114 I-i -11111t- i

chItI( to the gear. Modliticattioni 2 gave auc ni siýteelier fair til . 4 -al 3b. which h1tch till -l idv iici~fiI

ýltciie to the citr-vt of dragr agalinst ittIgle1 tif pciitch thll tilgtir :itlahgct ttil I111c icj .4-

clid modifi cailt titon 1. Iiccca i ti it- 4ci -it ol ciilit it'll. lIt\ -ci-i ic~t

lFigiuue 44 Iiiiwý tlt(, -:t1ijittilcn oif tin ll- i li i ~ tici ti (Ili(- Ia tii I ti 2c 76 1ictih It 1i --

"PlaI'S l4at. 141t. flooi I -I( withII( clcitl i l iioi t 4 -1 ;1igl tt Ia ili. r~t Ititi li, .l~ I- i cii ,;

tilt geatr l4i an it itf wheel fatirinig C tltl glilt Ilt ailt. ilicli I\ lti llcicicc 114.11 t. u it 11It'lhlc~ cIi t, 'lfI iclli-I -1Ilit, cii

al-it shownc till this tigitre. Agutini till drag 1cli4. tic tilc till \icuil- vcl \iiiilith tic till :kf tlf ui. li ii
grears ilicreitsei with increaists of pitch anigle. 'lii ccc1.i~icinuthe dra,'114 ii ll tilt- gilti \\;I- 9c 'cit

I *efriitse a )v1u. () I lt I IthiV i hiei tic t Ilit. 41 -( -t.4ra1Se ill at iir at Ihuf t Iliih- Ito. r liti mr cc. T]iii. ic-cu cIi- I c- f-1 4

Ieo it 'I. a- ulni tihe tic I jr s fac. tif lt he6 b -i fl f tilt ililirlY -limc' t cat t ll tr ll t~. \ :i 1 i f'.\ cciicli-

intr tthttvt ittilto thut( drag titiI( ttc ge`Vt's Ia kitnd I IH. A.I- Tlists c)ii glt ;lii tf, 11111 -i2~ tlcilt- iict1iltullv.

thoutmghm Offibittir twit grears wvere testetd ill ctciujiliii- faititivi Ilt il t it tliti--Ililtls It * it. ilccili. 2': lcicil

tiuini with the( 414-b l.iv1-foot w~ing antI engine, and1 chugt tint of 27.11 pomiuiuu 'ioilt ntedlcii'iltili I
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tite case oft grear 12, %vihere thet Woires livt'pet forlo a to isolate the( drag dule to tit "e 1viteis or' %viieek, Nfitli
t'ttllibltlll t oll _% t 1 vIVI

drag Wt'l'e sakvedt llt falk.irin thet %vile tittiiigs. it e'll('&. JT'ili dag (iltt to these parIts anid to "itt ilig, pill,~

siiolitl lhe nioted tihat oil this skiilie geal. tilt, wviles anti ilkti'fei'ilce is also prkesenkted ill p't'eriltatge it' the( total

Nvilg-brla('e struts at'eomiite't for inore tihan half thle lineastired drair. A ratio of ilietkski'ed Ilil" tit ('111-

I,~gdet ie olpeelidii-ei llt putedi dragr is iill'liiedi for' Ilse by dlesignlers ill evaltiat-
T1ests of geal's 1il Ia anI 111), whIichI have sillgfle eaii- i the drag, of any type of 'real.. iiavaiig givt'ik tite

hc'er struts froilli the Itiselageý to tile oihev], inidicate drgof tile 'ollipllolelit parts, Thke ('utile akikalysis iý

tile sulperiorityv of these types as far as drag is coin- basedI oil greal' k1-ira at pIiitl-il alligie .111(l exeilitijes

CIrIeIIII. There is little to choose Iletweell tit(e iklVest thet effects dule to t he ei'-iltiv lkt i(l the 4i- bY 1.t-foot
dirag ftnigies of tihese' t Wt lanidin1g gears. Tile iowesi. Wi I kg.

dr'ag re'ortdedt tol'gr 1~a IN was 18.5) Poilids at 100 Uevferi'eiie to tik(' tables Wvill sit(\\ that for' all tvim's
ililts pe hour. Wvilile tile lowest for grear 11I) was It7.5 of gears the ('tllikjli~tk'k strillt Ilillr coklistitlite5f ti'oi 12

jI-lllilds at 100( iliiies per1 hlourl. If mlodificationls Al 1&'I't'lkt tol 2(1 perveelt of Ow' total klkeasiureli drag, due
itliA Were aplpiedtipt Wileel fairinig At as tised omi to the gears. The WiNik'els 01 \ vI,'1 W\ith helti'

treat, 111), it is prioliaitie tikat tile dlragr dule to litat grear, figys, as testedI akikile. conlstitulte frot'i 40I itelel'it ofi tille
Coldklt lbe rt'kllteki to~ aplIproxinikateiV 14 pounkfds andit 11 'rag (il~lt to tlit'- greaks forl tiii' 1111111 :strl'k tyvpes to abkllot

4ollikll-. r'espectively, ait 10011) ilkils per'1 hliotr. It. is pos- 7(l petl'l't'lit foi' tile, silgit'l-strl'lt t t'lIt'5. F-ittiligr-1 1ik5-

1114)tli lldeitaranee ilt't'-'ki'y foll Whieei operationt ~l. Test's tile siiighe-stri'lt tyvjls.

Illa~lit till tilt'se t\%,t grealis withl tile .5- U liIXX-lre.'slire Some calculations showing the effect of 2 types of
%\hvet'i and 271-iiil'i .tre't'illklne Wh~eels vitikolit Wihellh landing gears on the performance of 2 classes of air-

firtI'ingsl 1' 'ica i thiatil ~t' 'ill hIov s " I 1 ltr %ttl. Nitaitl byit' - l'kkt - vo1 Il i ll tilt' isti nade t i l' l II I li , l Il' of' (l ii ll' I

t tliIi't' lat'lterIt I I 1 ii Iis llo~vvvelliti a" lslt clea tt'ttilt A lvi Some acltons2 cvomparing awire-baced. wIn andl
if w iit'ti f it low-dA. landing-ge igh iha la, arli ui( tie with a anio leve wingan landIngil-

Anlys id ofhanding -geari drag. lilt' Itllt-'1 ttiitt' gearlunit.- i'll'l' lit, (,IItI\. 3 ililt's li-lli hii lit-'illit Iim er
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wing system. It was considered of sufficient interest UThis matter is of most inll)ortalnce as regards qan
to compare gear 12 mounted on a conventional Clark titative estimates of the drag of landing gears at hii-rh
Y rectangular wing with gear 13 (modification 1) speeds, there being only a small likeliholod that th,.
mounted osi a cantilever Clark Y wing, tapered in plan order of merit of the different gears will be c'hange.,I
form and section. Although the selection of the types appreciably at high speeds.
of wings as well as the wing areas may affect the re-
suilts somewhat, it is believed that the wings selected CONCLUSIONS
will show in a general way the relative merits of the From the data presented iii this report the, foIlh,%
two units. In the figure the drag of each wing and ing conclusions are made:
landing gear is plotted against velocity, the angle of 1. The interference drag betweeni a single 4trot
attack being deterimined b)y the wing loading. Curves ,longside a wheel and the wheel generally increa.- ;m-
are also given for the complete landing-gear an(i wing the angle between them is decreased.
units. It should be noted that the drag of the wires on 2. The interference dra(g between a single strut and!
gear 12 was computed instead of taken from tile tests a low-drag wheel is markedly higher than the int'r-
on that gear because the wire truss used on the test ference drag between a strut anF a high-drag wheel.

set-up had insufficient span for the purposes of this If low-drag wheels are used to reduce landing-g,.a
comparison. Brace struts were not used on this gear drag, it is necessary that the aerodynamic int.rfcieji.
and all wire fittings were assumed to be hidden. The between the wheels and adjacent Imen,ers bfe siai!.

figure shows the superiority of the cantilever wing and otherwise there will be no redaction in drag.

landing-gear unit over the wire-braced unit, although 3. The drag of tile combination of a wheel "mI

the difference is not great, wheel fairing is due, in a large measure, to) that portionl
A general relationship applicable to landing gears, of the wheel which protrudes from the fairing.

showing the effect of parasite drag on the high speed of 4. Wheel fairings with cut-outs in the side h4sm'ild
airplanes.-Figure 46. which is a convenient chart for have all free edges that face the wind torned in.
showing the relationship between a change in para- 5. The increase in drag of a trilpod landling -;Ir
site drag and the resulting change in the high speed in yaw is due mostly to the increase in drag of the,
of an airplane, is included to simplify the calculation yawed wheels.
of the high-speed change of an airplane due to a 6. The lowest-drag wheel fairing tested gave civ'
change in landing-gear drag. The chart is appli- little reduction in drag when used on landinger geiir,
cable to any conventional airplane and is considered cf the tripod type. unless properly modified to rdum.
to be fairly accurate, the assumptions being that the aerodynamic interference.
thrust horsepower and drag coefficient of the airplane 7. Low-pressure and extra-low-pressure wheel., and
are constant for small changes in angle of attack at tires may be used on ordinary types of landing gearý.-
the high-speed condition. The chart shows that hand- wvith little or no increase in drag.
ing-gear drag must be appreciably reduced to result 8. Landing-gear struts should not be plaoced cl,(se tip
in much gain in the high speed of an airplane. Of the side of a fuselage because of the high interference
course, a percentage change in high speed shows imore drag created.
gain in miles per hour for a high-speed airplane 9. The drag of lauding gears of the more coninmon
than for a low-speed airplane. Fu'rthermore. tile tyNpes may be greatly reduced by careful fairing of
landing gear of a high-speed airplane is likely to fittings, wheels. and strut iintersections.
constitute a greater percentage of time total d|rag thliai 10. It is possible to design a landing gear of reason-
that of a low-speed airplane because high -slsed air- ahly low drag without using wheel f.iirings.
planes necessarily have low drag. This point is also 11. The average fitting-plus-interference drag tf
illustrated in the example given in table Viii. ordinary types of landing gears is approximately 44

Application to design.-In using the results presented i:ercent of the drag due to these gears.
in this report for air speeds greater than 100 miles 12. The combination of a cantilever wing and canti-
per hour the Eluestion may arise concerning the effect lever landing gear appears to have less drag than the.
of Reynolds Number on the drag values. Since the combination of ia wire-braced wing and gear in which
drag, in general, varied closely as tiht, ritio of the the landing gear is a part of the wing truss.
sqluares of the air speeds for speeds less than 1M miles 13. The substitution of low-drag or retractable
Ier hour, it call only be assumed that this relation landing gears for conventional gears on high-drag air-
holds for higher speeds. Until tests at higher Hey- planes will result in only a small increase in high
nolds Number can be made the values of drag at 100 speed. For low-drag airplanes. the substitution of
miles per hour should be used, whenever possible, as low-drag or retractable landing gears for conventioual
a basis for computing the values at higher speeds. gears will result in a substantial increase in high speud
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o,27' streamline wheel
b, 30x 5 wheat . 21"long

S,21s • - - - St,-eomfine str4ut
.,t.S-10 I - - j ---- fRound', ! -L I ___ .. __
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Angle of strut with wheel, @, degrees
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Drag of wheel
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Drag of whee/ l- i
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Or•gia/ , 35 lb

----- Mod. A,, 2.99 . . .- 2/4?.
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IC Wheel' 44'
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-- Modification E3  Modificof,on Eý
free edge bent in?

ý-09of weelModification E,
lefanlng at gap closed

8 0 .P h , 4 6 b .D r a g O f w h e e l B '
and fo/ring at _

80 m.p.h., 64 lb.
One ho/f folring A ____ _ _Mod/fled foir-ing --

tested only in _

foi-negalf conJnC f/con with
filqBho/y gear- 2. -j-.'~

I ~ '~Fairln

I :C~~Wheel, 416 _ ~~8~

4%R

Fii;tiRE i.-Dru iiig and dmensjons of wh,-Pl Taiidii (C. Fi';tim S.- I tig :im ifi .nioimis ,r whoý-I ftai ri g E:.

Open side to a//ow Mod/f/cation Dl,
removal of wheel-, 'free edge bent in

raofwheel -

on'rd fairing ot -- '
80M~p. h ~1-Tje yi

MOdificalio .77 lb. conjuntion i.lth -

MoiialnD,55 -a fgea, 2a

One ho/f fair-ing B 42' -

4tWhee 4 Y 1 1/el

Fita 31 7.---ritu an( (id lmehumlnhim4 whes-1 Mirling 1). liii umK li.-- I litwustnlin a whwou fitring V.
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One hoff gear 2aý

_ ~4-

-16 -12 -8 - -4 0 4 & '
Toe out Angle of yaw, degrees Toe in

I'icunjo In. Drng ,f s-04 14) w~jl :11 mle Imhf gem*2 III ý;IA Air ~

Mo iC h n ------------

-- 3 (Circtilar) Drag of hclf of gear

0ra0 of ha/f of gear 2a at 80 m~ph.
OP f800M.p.h.lbWtotwelfri,

Wthouit wheel fairing / 5 lb. With.5 lhelf bri
With wheel fairing . 2With wheel faftrinq. 9.7 _

* " . od. 1. 9.3 0 i With wheel fairIng
* 2 ~and fillets .9.0"

* 3,1.-

-Niels

ltierat 1I.-Prag it one haft p-tir 21t wilti wite buI airj,, A. Jotn, 12.- - Irng *,t oneibnlt genr 2.4 wit), whjeel fidiniig IA.
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x~, Maodification, E, Modification E,
gap closed free edge bent in

Drag of haltoOf gear Drag of half of gear
ft at 80 mp.h. of 80 m.p.h.

Without wheel foirin] Without wheel fairing 11.5 b.
With wheel fairing11.5 lb. fill * //ts , 11.2 ,,

With wheel foring , 9.0.
With wheel foiring I

oid fillets .8.3" mod. E , 9.8• / " , • E , 8 E '. a -

E, SEs, 9.4.. z{. radius fl/e ts
y, Alodlficotion E3, front edge Z/run into broke cover plate F i

FItURE 13.-- rag ,f one-half gear 2a with wheel falring C. lo;lRg I•. ]-- bra;. of onle-half gear 2a with wheel fairing E.

SStale 
Drag of holf of qeOaraOt 80 rn.p h.

Without wheel fairinq, 11.5 lb.

Drag of half of gear Wilth wheel folt-,nq ,142'f tof 80 mph. With wheel fairing,Without wheel foir-ing, 11.5 lb. gap closed ,, I '
W i t h ,,1 1I . 7 -"•

k'I°itv 14., lrag of on.-ailf gear 2a with wheel fairing D. Fonart lf.--rag nf w•e-half gaer 2a with wheel fairing F
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iL-- - ---- 'C
L.. y

Ft-/elg '0" engine

Standared wo-,ee/

N77 Fus/ag (1 ~ u 1ed inf- VJ

A,'re p05/ionre

*.~Y Oleo ea f/pded /

K-' / +'fine tub-

Fmiutnm IN. -Drag and dlm.nslons otf gearfl I it.
Iliras gear at Pit)l m~ph. folf-om rpattndeuI) N-3i--10 whrelp. 42.5 ptounds.
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Y, 600 2c

~'Streambre .wire

3 7;6

Ftw44~ flI. 1- I 'rag andt dinimenslo.1,i' gitr' ItI. andI Ic

I Prag of ctmfrs ~it I M4 inp~h.
I va r le. A-11i 141 whcecio 44. 41
I-ar I b. x-44Il14W wteels. 4,40I
G;ear it), 27-hInfh ,'mrennilne W1144,'1- 4%.o 4

1 ;#-or lit. 25 h.i' 1 1- 4 vitra 14w-press.ure wh(,Iý 46;.
1;ea r 1b. IP44 h, high-I rsaure whb-els 47

4,e-nr I) 1:121 y~ I; high- 4r:-rnour twhels 4'.

1r, 0/cc ce~G',decp~

Ole C- '-4'

V. Go 2c 3 Z
-4 K'3'

;k~ /,' framlnetub 3

W, Gea / Zb,

101-1 -. , 23-. 2----
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Oleeo exeeopsed

~~Y O0ee, collopsded

.3 7X8

I streomtl-,e lob

Poo ty. '2.- Drg an diensins f go-ar I lo-Irag o tand al I'M~ti~ 1.11 leo 4301nd

1rg 4%era 0 tp i(oeaO efei)IOt I

Oleo0-1 Chel,. - -e

~t~0IOwhel..wce firng- U:

27-mob~~Y Oleaole 4.
2l~ y 114 etra ow-recairewheeeZ,

4.01 0 ih-rgtr whef-.ls, - -- - - - - - - - 43.
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3, No. Igap fi/led in, fittings faired
r', No. Z streonIlne fairing
U, Ao. 3 wheel foliring A
V. No. 4 cuffs over- cylinder arid fittings
W. Noa. 5 wheel foiring C
X, Oleo extend~ed
Y, collapsed

-3"-

FiximUI 24. I~ratg andi dhiwashei -fi gear:;,
Dirag of gear at 100 m.p.in. (oleos extended) Pdlut'75

8,54 101 whe-s l---------------------- 44, oi
S.50-10 wheels, mo~difcatlon 1 ---------------------------- 43.0
'A.;-W-10 wheels. modifications 1 and 2 ------------ ----- - 41.0~.ý50-10 wheels, modlification 1, 2, anid 3 ------------------ 40.0
s.'j1-0W wheels, medifications. 1, 21 3, and 4-- . - 8.1)

.5luwh,',is, znimilltleaimis 1. 2. an.[5---------7

37;4*

l'iLmiI; ;.5. [Drag and dimensions or gear We.

Dramg of glenr at 100 ra p~h. toleoso extende-d : Pountd.
8,O 10 wheels, all struts streamn-lIned --------------------- 45.0
M 5,0-1 0 wheels. s reaninlinf- rai ring removed tfiiii iiituiijpri L 51. 5
8 .50-10 wheels, steamllne fairing removed from members

I sand If--- ---- ------------------- -------------- fig. 0
8.510-10 " heels. st lprealine fairing renum,poel fromi members

V I! nd Ill---------------------------------------- 90.0
lb54P-1 wheel. streitmilne fairing remt4,ovl from,, memibers

1. ItI. Ill. ant" IV - - - -- 98.0
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A., Oleo extenced

z z

- zY, Oleo collapsed
I~ -qstreamline tuba

IFiu itr. 2#1.--- fi rsts an ml finienaii.ii of jzvm 4. Dsrug of g.'iIr ait 100 111p0. (o * t.iilad 8.501 10 w oIm . 39.4)I p.'ia 1,IS.

V. lXI"st,-amlne -re ~-~~--
X, Oleo e.-'e,,ded

-- '

y fh,$ P/o"Ep

.1/ / , Oleo collapsed

~N'1  streamnline tub'e

5.. . ~39 -

IIIK 27.--Il:itg iin-1 ln nIg .r g.ji~r -,. lDrjig ..r gall si I sms 11111 h Iflo x1144).Ii. lQM IXI'lIN .54i,-141 WIII4II. :14.11 Ilaallll1lK.
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X, Oleo e~tenoLeJ
Y. Oleo collapsed

streamli/ne tube

iw

xI

3-- '5' /4 x

I. /

TI,

Fttrti: 8. Dra Itl l~la.lt~ttlt~f .Vtr II. 29-rut~ fgsn u tu ittisln ofti x.sl.., xt7s. ,l . 7t t I 7"7

Drug ~ ~ ~ X atC e100 tendedlen xtnf
8.50-10Y Oleol ------ ---- d

8.50 ~ ~ stemln 10tube oifcton54



22 HEPORJT NATrI(NAiL ADV\'ItOltY COMMITIEE Fl,'t .%E11t) NA1lh': -

S, NO 1 0 f ,0,~~,~

7, No.2, fhtn•j coivered
u, - 3 , 1 .

V, No.4 , wheel foirn9 A w,1hSZ streom/hne f, r,79 o.'er
.srt-f ,nfersecfion

WW, "
5 Vo//ped

Y 37

Flea'sG: "40,-Drag and iliinnsiions 'f genr '.
Drag ,f g*,ar at 100 m.j b. ,i'oha e'xtendedl x' i..

•,5,P--1(t whflel.., alini,'-------------------- . 44 ,
.t450--10 wheela. with muditiv'at, ln .......... . ... ..---- :
M.54J-10 wheels, with m fieatiuni I ard 2 t. 4m ,

N.."- 1t wheelIa, with mod ifi'a tiorna 1. 2'. amlid :: ... .418. -0w-140 whee. with --oiieati n 1. ", ", and 4 ------ -- -_ .,
:;7-ineh streamline wheels with modificationsa 1. . and 2_ 44. t.

25 by 11-4 low preasure wiievis. iniiti.atimits 1. 2 aiti ; 4::, 1-
:011 by 5 high-presire vha'ieels. modififcations 1. 2, aid 3- 41.
t2 by 6 high-pressure, wheels, inodifl'a tlons 1. 2. lid 4:1

W %"a /I/,-.am/,"e ft-e /
X, Oleo e-tended /
y, " col/opsed
z, •jy , straeo,/,rne tube

tl4Va 81-D1trall aind dltsiomas of par 9. IWiag of Wear at 100 m.p.h. Itolim eztendcd): S. Y-lW Wheele, 4,.C11 pounds.
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Y, Wheel foiring A
Z, A6*streomline wire

//

FIGuicik 32.-Drag and dimens•lo•isU of gear 10,
DIrag of gf'ar at 100 m.p.h.; Pound.

Wheel fairings A ........ 27. 0
Whee'l fairings A, strut and wiri'e ilngs faired 2t tmlage- 24.',

Y, Strut section

Z, Airfoil sec tion

A,rfoil sect ion .-----
(ob Strut section

nof 3hown)

Section A -A T /lA-

Wheel fairings

i 
1 ' Y

t',OUXII 33I.-Drag{ and dimensions of gear lla

Dr ag of gear atl 100 m.p.h. : 

Pounds

M.50O- 10 wherlm, sheel fairings H .................. 
20.5B

8. Wl•-O wheels, wheel fairings C -----------.............. 
18, 5

8. 
W-10 wheels, 

wheel 
fairings 

1) .......................- 

-1-.

2t-ince streamlhne wheels. strut section alongside wheel ---- 25.10

27-"1nh streamline wheels, airfoil section alongside wheel-- 22.0
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Y, Wheel fofrj~ng A
Z: Z7 st,-eomnlne wheel

Fiu.['r RE 4.-l Wag and. dlnlisho.lsn~ 44 g.ar ]Ill.
Dr'ag of gear at 1041 nin~.11::

sTIz t ream line wheels- 21
M.50-10 wht-el..---- --------- - 2
9.50-10i wheels. wh~eel 1`1111-1. A --- 1

U, ly4' 3' streamline tube
v. /'x 2%, -15 ½-4 - --- 24!14--
w, two 'Is wi .re
X, IY4' 5Y4 strut
Y, J/,,- st,-eom/,ne wire
Z' UA

30 ~Brace strut cuffs

6'.. 18' Clark Y wing9

8. 50 -/0 wheol--

l.,irnum 35~-Draig anid duimensionis of gear 12

Drag of gear at 100 mnp~h. : Puenrb.
M.50-10 wheels. wheel fairings A. wire filttings. ,xlwmne.i.

brace struts off--------------------------------------:134.0I
8.r,0V-1ll wheels, wheel fairings A, culls over littluM1s. brace'

struts off------------------------------------------ 32..41
8. 50-10 wheelm, wheel fairings A. cuffs over littlings. lorijee

"strults on ------- ------------------------------ --- -toII
S.W110-l wheel., wheel fairings A. wires and brave strut.% off- 1is. U)
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Y, No. 2. wheel fairing ext ended to wing.
Z,, No. 1, ex~pondk~g

6'x 1' Clrk YW;17

Fva~ aK 3(l. Draug anmd Iionnsgimi,. f g.-a 13

x.'A in wh.*.ls. wimeo fairimnp. .%A2
s.304-1lo who-elm,' whom-1 fairings , numilfivailion 1 13 it
l4J.4I-a- lit wheel,'., wh'eel fairings. A. ni''..lififatl.'., 2 3I

NOleo e'.dendled
Y, collaipood

who*/ ioarhw c

ran1 as 3-1.$. whe'.l o tuluuu voa -4 apar l
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X, Oleo extefnded

V."collapsed
Z,

6 x 1' Clak Y wng sreamfine tube

4 Z
VI~im 13. foro soot dhuwmunuasiof gear 141P. Ig of go-or jot Ito' ni.pbh. ob~osr, 4xtow'NIfml. K.50- 14, dWIa0.1. 41.11 p~~a
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A

A
I

A

A

e
E

2

bL

4..

A

.9.

A

A

I
C

I
C

I
t
i
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lye' X 5' wing Brace strutl

UU fairing C
Gear la -- Gear Ila. 7

I -- - Bace struts off, cuffs
over wvire fittings.

Ia, ing -1-------------Brace struts off, wire- -
I1a,fuselgei ------- fittings ex-posed.
I a, engi .ne- - ----- Brace struts on, cuffs
la,_ .3 p/ust wing over wire fittings.

__I - a, cowled engine plus wing Brace struts on, wire
--- l~a, wing I -fittings ex-posed.

____ -- Ila,fuselage alone -- Wires and bracye
- - -I -Ia, engine - --1-I- -- struts off. _

---- Ia, 11p/us wing50 - -- - a, cowled engine p/us wing-

40 I0

4~-

-4 -2 0 2 20 - 2 0 2 4

Angle of pitch, degrees Angle of pitch, degrees
PI';TTRK 41.-Dlragl at 100 m~ph. af landing gearm atlaand 1iia Fiat-n. 42.-D)ra at 100 M~ph. of gear 12 fliottuitqe on1 the.measured in the premence. of the 4%- by 15-foo wIng amd fuseiuug.- ittul the 6- by 18-fmq~ wilig.

the engine.
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No. 2 wheel.,,' -'.No. 1
40 fakir.ng ex- j--expanding

tend~ed to wing fillets

.30 Mod-fiato 1~ 400

_? 360-

Gear 12 plus
/0 -- 3-00 - t-- ul.

-- 80
-4 -2 0 2 4 6 0. 9C"

Angle of pitch, degrees .-

Fi'wtasa 4:t.-Drag at 14) niat ) .h. (af geaar 1:t mottaated ma itt. cc~c ?Ct
fuselage altta the 6t- bay 1&taaaat witng. 240 - -f -- -

tapered

6x/'wing 00- - -adaletqn

I -. - I .-a tRectangular
C/ kr Y wing

6CWhe~ 1a20n -- -Tpee - . . -

Geir 1pe2mph
ittta .- tIita anc pat Iattt . ir'lrnrg-a ttd gatawtaa - a

eer win irta esr) .~attaa igtra.2ttaaaar.ta ia aaig

-l~awAir wheel, fairin Ch.

leverm wi--nag ati LEN). mK~pih. oin area. 217-1 qmtre andt ;14. od

14ct on presla e ancfte o- byII owla enine.



30 lRfPIOlRT NATIONAL1 ADiVISORIY COMMITTEE FOH AFll(1NAtI'Tl('.

T'ABLE* IIJ.-1)RAG OF HALF (4F. LAND ING G~EAR 2:1
WITH'1 i ~1-1i WHiEEL: AND WHEIEL I'AIIINIIS

JIG
I Wheel fairing not.lrg l , ,.11, Indra al

P'alo nd, Pountds Poun, d,
14-- Wheel uiitairedl - IL Iir ..

LA. 142 1 5V4
A (modaifictioon I - 9.0 2 !,
A (mo~difilcation 21 91.,1 2.4
A (nIiodification 1 IfI .4

'J.7 1 A 14. 5
Itt (Iic rdu iles

1) - 17 - , 1 .

.T-.. (4i'nchU raiu filts)I 11,2Aas .1 li

. [icraius fillet moifiaton ,

T -, -_- tt II ('

F. (1ic ra iu flltIIoifc tonI.

F (gl cloed 13.- S2-12.3

TABLE~~~~~~~~~4 W. DCGD II oVROS1.%]I4 ER

0, 45

4. 4211 5 I
4:15 4,1

A.e 45.0 9Vý1

:11 44 44 114t 1 I

0 /0 00 30 40 50
Per-centage of airplane dr-oq, due to landing gear t~ef~, nom iiirl,Iit fow.Iie. all-I 6- ty l'

4
aot (tinti'

log file- -M-0 o r puriask Ii irog lots tilie high siihiil ..f ailrhplil~i. 1 ' Vi. . E FFEC T OF V A IU S rm: I lS I' \T
'I'lhnist Ii. rsepsw~t 111. und drog ii111ffiiiil t aiirphui i iassumniid cost

oantii r.-r onai~ll hotiigea il iigliv of attacik oIf high im-i,.,l di,,limi'. I I IA 1ltI' T,'i IEVER1AL I.AND INE G;EARS114 of NTEI 1
4 IN TESTr FI'SEI.A(.E . ii1' PITCH

lit, hei-I ~ ~ jimjr',v, I It w o-a

TABLE I.-Il1AG OFI VARIOUIS WHIEEL.S AND TIRES

hlis lt leciaiein11.4i.1I and 1.1 le. f'iii 1 til it dray , ,,,,*

asil10 i~wlirasire hee mlI ie -PttAii f7~ill,) piressinure: 11ia~

I'vo .1o Pi. n 1i by 11lu 40 llra.Inlopre 46 If
?7-inch streaimline wheel anl l ire .5 0 INi 0 -:10 by II high wmira1ie 471 0 4
2.5 tiy 11-4 exira-low-fijrmure wheel still lire 7.1I -10I 4 :2b ihlr.sr,1
30 by 5 disk wheel and hIgh-pressture lIire 5.41 3.34
.30by 5 disk wheel and .32 ty 4 high-pritesure tire 11.4 -13 1 4 IUilAlA

TrABLE 11. I ?1A4; O F x.54l- Ill, WHtEEL WITHI VA HIIi14 ov;M 11)Ir low r.-tm.i 4.3
WhEELI F'AIRINGS ~ 27Incihi siri',iiilic~. 4,- Ui I

'5 to) 11-4 ealrm-liw promreaa 4_1 to
.11 liy .1 high liresmiii9 4.11 ii

Wheel fairing no W indrag 14
m .ph. h i.

9.%0 10 low fireseir 44 0i
T. -inch slremnilins, 4-. 5

PouidA Percen u1 i m'obi,4 2.5 ty 11-4 exira-l,,w psressure 411101
Whemel unfaimel .. V 7 1. 41 .3 bMy ;5 h:,gh prv~ehre 4i 5 - 1
A .. 5 417 6.1 32 by 1Ifhis owaurp 411% -1(4

A(modificaions Ai 1)4 5. 4.31
A (moodiflesmtlon Aso 1 7 72. 2 2.4
aI . .3 13.1t 7 41 l.41E~ ilAh Ill,
If 2.1 4.i 7.11 -j) 71.67 -3 11.
1 ) (modllfivallon 13,1 5.5 - A.4 4,ai 144 liIf, leesslite 235

11.K 4 9 7lo-h Ireitnline -21 A N
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TABLE VI.-E1.'ECTI O1F VARIIOUSi MODIFICATIONS TABLE VI.-EI'.1.E(C' OF. VARIOUSi MODI)IC~(ATI44NS
UPON THE DRAG D)UE TO LANDING GEARS MOUNTED UPON THE D)RAG DUE TO LANDI NG G EARIS %oIP jNTEI
ON TEXT FUSELAGE, 0o PITCH ON TEST F"USELAGE, W) PIT('H-('i.ilintiuei.

IDrag at Dragea 40
Condition of gear 100 DeCndtinreaeasera a et-Irease

indrag odtoofRaIO
m.ph1. [ mp~h. 'inrag

LANDING GEAR Ua FUSFLAOE WITIh 0- BY 19-FOOT WING LANDSING IlEAI l4a

Pounds Percent I cuads I5-rr,Wa
X.,%0 0 wheels --------------------- 1-- 43.65
S4.50-10 wheels, wheel fairing C ------------------ 3.3.5 23 18.64-l0wbeeLi- 310.

_______________________________ -____--&.640-10 wheels, wheel fairing C. 26I.04 :,4.3:

LANDING GEAR 3b -___

8.50-10 wheels -------------------------- 4 -
S.50-0 w heels, mod-ificeatio'nl-------------43.0 23
8.5)-10 wheels, modifications I and 2-------------41.0 11.8 '[ABLE VII-A.-ANAJNSIS 01F LANDING-GERA~ DRIAG

5.0-10 wheels, modifications 1. 2, andi 3- ý------------40.0 91
8.60-I0whneels, modifications 1,2,3, and 4_.__----28.0 361.4
S.50-10 wheels, modifications 1, 2, and 6-----------27.0 318. 1 LANDING GEARS DESIGNED) FORk ATTACH

4 IMENT '114)
-FUSELAGE, AlitI '4PF1.'I 14444 MPI 11' PITCH'

S-- -- LANDINGI GEAR .3c

8.50-l0wheels 5.4I5 4
9. 0- 0 w heelIs. fai ri~n-gre moei _f~rom_ 4-------51.0 -4.4

M.,%-10 wheels, fairing removed from Iland 11 419.0 1-341.1 -

N.50-10 wheels, fairing removed from 1, 11, and I o 44( -1I0no.1 t
l8.5-10 wheels, (airing removed from 1,.11, 111, andI

IV ------------------------------------ 998.4 1) 7 I l~rlliga

LAND)ING (GEAR 7 k 4

1) w. h., call(*

8.14--14v whtils, modifition I ---- ,PC -8.44 TRIPOD4 TV l'ES

LAND)ING4 GEAR 8 t, ILkU Lh Lh 1.,Lh 4
-' -i 21 Ma 444 1 2.5.0 42.5 414ft 4 44,431T 1 0

1 i 4.3 414.4 M4.7 45.0, 21.3:4 144 434.2 47 2 1 9,1
08Iwhe------------------------4.-4 - -. 4 2a4sm 4.4 25.4 446.44) 20.0 I [; 44 42.44 454 411 A

8.644-I wheels, ModificatonJ------------44.5 -. 247.4142:4 74 e. 441. 44. 421 PC 7:
s 50-1(0 wheel.,. modifications I140n1 2. 431 44 23 24.3 14. 4 D4.7 45. 1i 21. h 144 42.41 4K.4 it1 1
s.50-l0 wheels, moodifications 1. 2. and 3 .. 41.04 0.84 :N 6. 91 444.4 25.7 42 T17 1 474 4.46, 45. 4 444.44 1441
8644 lllwheels,nmodifications1. 2.3, and 4 .o 1- 40.4 :X4 3a .5.7 419.4 14.41 43-.5 48. 4 US 844 7 4 25 17

31s 5. 4 444.4 ,24.S 44.44 419.2 42.2? 44(4) 438 % I
74.94 4144 27:3 144.5 Z1.2 ;5 2 '04.5 45.7 is:

L.ANDIlNG G1EAR10 4 7.14 4944 27.4 514.5 24.55 474 :437 547 ! 4441
:;.4 4444 25.8 44.4) 48.2 4C .5 44.2 414:441741
i. 1.7 49. !11.41 45.4 48.49 1!4 4 4 3,1 4 14.4 444 .734

8.544-0 wheels, wheel fairing A - . . 27.440
844-10 wheels, wheel fairing A. strut and a-ire i Aveae4,4g, 46.2 M14 25.0t 45, 41 20.44 43.41 42. 7 434 7 1 78

fittings falred at fuiselage. . . . ..------ - 24.3 5 4 93

1101)IN TYlEAR1 haT HELF t
LADN ERIa15. 7 14.2 1449 33:45 4.1*114t!1.M,4 42.4 4417 41164

M.4 4wls ltI~ . 5. 4 44.244.1so 12744t 7,4 120444 S2.5 17. :4ll
.4 -% 444 wheels, wheel (airing 4B 48.5 41

"8.50- 10 a-heels, wheel fairing 1). 44404iflti on4141 Is, 49-1. 1 .1 A. erag4e K 13. 41 8 44, 311. 2 11. 2 419.4 04., t, U9 5 I CAP
r7-inch streamline wheels, strut section ailngside

wheel......... .. 25. 0 -22.44
2-lin-h Atreamlline wheels, airfoil section alongside 1(RZNA-XETIwheel ----- 22.4 7.43l41(NAIAl ~E

LANDSING GlEAR 4114 114 44. Vi 4.42.5 :48.7 15. 47 504.4 44 34 34

I4 444ge 6 8 1.4 2710 398.3 124 1 21-.44 50.4 244.44i 4.44
546, 11) wheels M r3. erg 4.11.424 :4 4 47 5(7,441 44

87.0 444 wheels, wheel fairingi A 1 7 r,2 5

slN41I.E-STlR IT TY 1 tFS

VI't8EA45 WITH a4- BY 45.Y4)41T WINO LANDI)NG GlEAR 14 2

11a, 3.5 16.441419.2 2Z.44 5.4 4 4.4 11 12,7 23.2 4:91:0
Ia -l 3 15. li4142 22.44 2. 444.44 -74.4 4 2.9. 1 147P4.10-10 wheels, wheel fairing A. wire fittings ex-* lil 34,44 & 1446194 '21.5 2.1 47.4Cl 72.8 X 9.s 1 11

01.510-10 whreel, wheel fairing A, cuffs over litlings, ev .- 5 tM32.K :.6M46. . 111

4460-10 wheels, wheel (airing A. cuffa over fillinges.
hemee strutason 39.4 .- 1,lE-STRUT1 TlYP'ES (WITII WJIIEI. FAIRINMI4(

8.44W-0 wheels, wheel (airing A, wIre and braceeI
44114480ff ...... ... . 1In. n

In- 7. .1 I2!6:l 0 Z4r.S ! .
40 ,~.6 C221 4.1(k 0 7. 278 4 .2.44.4

rVI44LAUXI WITH B1 Y .14F10T WINII IANTICINtI GEAR 43 lI 204.244444. 1. 7 44.2 770PC04 4
:18 3, 3.M 12A1 & 46.4 47. 4.44. 244 444 1 14.3 1.40

A.............0.0 17 10 3.44 414.5 344.4.4

8.90-10 wheels wheel fairing A.Average 4.0 42.8 47. I to1.0t
A W 10 wheels whee) flino A. modlfitlosn I' - 4&0 33.44 I

4 L 44.110- 10 whoeel, wheell fairing A, muisdflestlcsn 2 1.4.)330 4 1 .1trut section alongside wheel.
- - -- - ----- ----- . 4AirfoIl sertilon alongside wheel.
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TABLE VII-B.-ANALYSIS OF IANDING-GEAR I)DRAG TABII.AB VIII.-EFFEIT fi b'r TY[E.V( (I' LANIDING;
GEARS O N TilE PEItF"ORMANCI'E OF T'W(I CIASSES4 4OF

LAND)IN. GUEAIRS DESIGNED FOR ATTACHMENT TO WING AIRI'LANES
Air Spwod =100 MP.. 0' Pitch

LOW-WIN(i (CANTILEVEIR MWNOI'LANES

Slligh-drug I .. Ao i

L.andinggear " • -1 + "+ •.

0 Iliglispee to gear retracted P. mles,

5 J. • Thrust horsepower a% ailal le -iRX 4(m 1SI• 5.. • • I. lit Drag of airplane at high Ilod
. .. . . .. . .ear retraeled), ],Urils 1. ]I ii

TRIPOD TYPES Wing loading, i~ondln,• |m-r ,iulare
TfPI)T P.. )t 12 12

Lb. Lb. Lb l b AIRPLANES EQVIP'PEID \ITII ,LV-IIAi AND IItIIIIR G
4a .4.9 19.4 24. 390 14 12.6 49.8 37.6 1.1) (1FAI1

14b ----- 4.91 9.4 24.3 41.0 16.7 11.' 47.4Z 40.8 1.65
14e--------4.9 19.4 24.3 41.0 I16.7 12.1 47.2 40.7 I.TS

Average•. 4.9 19.4 24.3 39.7 16.0 12.2 49. I 19.7 1.. 11 1 i i d d Ita.

I I + 1,

TRi 110 1) TYP ES (WITii WHEIl, FAIRIN~lz) IArl4g or atltak f wip. dierhsll r. I 1 I 3 11 3I
I ragofilen rlit 1001 In Iles 1,r hair.

ii ltild .-.-. 0i 1[ I 1 .7, 1.1
49 ' I I t rag it gear it Iiigil-spql ee1 DI

14a. 4. 1 14.2 ' 19A1 26 11 ý 6.9 ' .9 S .547 26.4 1A.". ii, pounds 1 I, ,, St. N 21
l|ervtitapg. drag of tairpkliai dule'

-toge ar.. 2 I .1 It I 23 1
WIRE BRAC(DI) (INC(II')INUI WIN(i BRA('IN(l) lereentaeg rel-ilitimii itt high

speed -file t tgear . 2 2 . 5 s
; -- i ]leohiction in hIghV SlM4-4 (i t (11t,

12 .w ithout . !'eir, iiiiles Imr ImIar I I :1 ii * i

bra e!struts) 22. 2 12. I 134.3 :1 0 :i. 7 ,5 31-5. ' 9.7 1. 0 Peri1iila,2e of hrist I sis rr
12 (wilIh brate alsorbed hb vear 2 11 1 ii t I

"sIruts. 24.0 12. 1 36. I 45.0 s.4 7"1. 4 26. 9 111 7 1.21 tlThrust horsepo1 er ahs(r,,rh l 1y
I g e a r 95 2 ", 2 4 1 Ii I3 ,

IANTILEVER tWIlim WHEEl. FAIRIN(IS) l hi irasetnce %1 mll ii wlisp.ag. iin suVire-

1:1 (loit ifea-

lion I). . . 2.0 10.9 12.9 13.0 1 0 I 1 5.2 94.0 i 0 I , 1i
1: {[l ifo -ica-

tion2) --- 11.9 m .S 21.6 13.0 -6."1; si,

(I ower half wheel fairing
o ('ttluletsl from t ltst, of is heel fairings A and A,.

.... . .... . .. .... ....



P 'five di•on f szos, and ýAnglv,6 k(•rfes and mn~wents) are Shown• by arraw?

M f I

ayp~~~b~~i r. 't g

Arnotnenti)MorenL owo Jt arfC W

-I

Lk. o o. directimi tion I , ml I Iler it14101 -A P

X Y Rolling._. L...
Otea| _Pitching ---- M. Z--X io

o-I iz Yawiing~~A --- _. -V YW-. r

A of moment Angl, o set of cotrol f(reative to netitr-a
L N position), S. (Indicate stuitac- by propcr slubscript,)

"roiling) (pitching) (yawing)

.4. PROPELLER SYMBOLS

eP, Power, absoluto coeffieient Cr-•-
P, Goometric pitch
p!i1), Pitch ratio C, Sped-power coefficient-
V', Inflow velocity ' y
V,, Slipstream velocity I?, Efficiency

Tute coefficiont C- T it Revolutions per second, r.ps.
r, Thrtqit, abh lut o- 'P, Effective helix angle tan-'

fl, Torque, absohltA eoefficiont 0n",0-(7,

6. NUMERICAL RELATIONS

-: T•0- /• •5O ft-lbfroc, 1 Ib.-0,4536 kg.

I me.frir hom 'rer !.0132 hp. I kg-2.2046 lb.
SMp-h. -0.4470 m.pa. I L-,609.35 m 5-,230 IL

S. 2.2359 aLp.h. I ft.3.8 ft,


